The purpose of this study was to characterize cortisol response and regulation associated with shame responding in early childhood and to examine how general the relation between shame and cortisol is. It was predicted that children responding to task failure with shame would show a larger and more prolonged cortisol response than other children. Participants were 214 children (124 boys, 90 girls) ranging from 3.7 to 4.5 years of age (M ϭ 4.14 years, SD ϭ 0.24). Shame responding was assessed from children's emotion-expressive behavior in response to failing 6 performance tasks, 2 preceding (initial) and 4 following (subsequent) assessment of hypothalamic-pituitary-adrenal axis activation. Cortisol response and regulation associated with failure were assessed from saliva sampled before and 15, 20, 25, 30, and 40 min following the first of the 2 initial failures. For boys and for some girls, high initial shame was associated with greater cortisol reactivity and slower regulation of the cortisol response. For boys, high initial shame and relatively slow regulation of the associated cortisol response predicted subsequent shame responding occurring after recovery of the cortisol response. For girls, high initial shame, but not cortisol response, predicted subsequent shame responding.
Threats to psychological well-being are potent sources of stress and significant risk factors in health (e.g., S. Cohen, 2004; KiecoltGlaser & Glaser, 1995) . Stress-related chronic activation of the hypothalamic-pituitary-adrenal (HPA) axis can compromise immune function, health, and subsequent stress reactivity itself by leading to high circulating levels of its hormonal products, primarily cortisol (Levine, 2005; McEwen, 1999) . A multiplicity of psychological stressors may activate physiological stress responses. Although an early assumption was that all stressors elicit a reaction (Selye, 1950) , current models emphasize the role of cognitive appraisal of the stressor and suggest that stress responses are highly specific to the nature of the threat and subject to the influence of numerous factors affecting appraisal (e.g., Mason, 1975; Weiner, 1992) . Efforts to identify the specific properties of threats that trigger cortisol responses have yielded evidence that a potent psychological stressor is one that elicits shame Lewis & Ramsay, 2002) . Individual differences in proneness to shame are apparent from early childhood (Alessandri & Lewis, 1996; Belsky, Domitrovich, & Crnic, 1997; Kelley, Brownell, & Campbell, 2000; Lewis, Alessandri, & Sullivan, 1992; Mills, 2003) . More information about the physiological stress responses associated with shame responding is needed to have a better understanding of the developmental health implications of prolonged childhood exposure to shame. The purpose of the present study was to examine the normative pattern of cortisol response and regulation associated with shame responding in early childhood.
Dickerson and colleagues Dickerson, Kemeny, Aziz, Kim, & Fahey, 2004; Gruenewald, Kemeny, Aziz, & Fahey, 2004; Kemeny et al., 2004) have proposed that cognitive appraisal of social evaluative threats (events and situations that threaten perceived social value or standing) may lower self-worth, reduce social self-esteem, induce shame, and elicit increases in cortisol. A meta-analytic review of the adult literature on cortisol responses to psychological stressors revealed that social evaluative threats (e.g., performing in the presence of an audience) and uncontrollable circumstances (e.g., outcomes not expected to be affected by behavior) were more potent than other stressors in terms of both magnitude and duration of cortisol activation. Threats that combined social evaluation with uncontrollability (e.g., performance failure despite best efforts) were associated with the most pronounced and prolonged cortisol responses. In a study manipulating evaluation conditions , people who performed in front of an evaluative audience had higher cortisol levels and reported more shame and other self-conscious emotions than those who performed alone. The two performance conditions were not associated with any differences in other reactions to the situation (e.g., difficulty, anxiety), suggesting that the condition effect was specific to negative self-evaluation.
Lewis and colleagues (Lewis & Ramsay, 2002 Lewis, Ramsay, & Sullivan, 2006) have suggested that the perception of uncontrollability is a key feature of emotional reactions activating cortisol. In research with infants and children, they have linked increases in cortisol specifically to emotional reactions that involve a perceived lack of control over the situation (shame, evaluative embarrassment, sadness). For example, in a study of 6-month-old infants' emotional responses to the violation of an expectancy (Lewis & Ramsay, 2005) , sadness (the response to an unattainable goal) was associated with more pronounced cortisol responses to the violation, but anger (the response to interference with a goal) was not. Over the course of infancy, cortisol reactivity to stressful events decreases; cortisol readily lowers below baseline and remains relatively resistant to elevation through the toddler and preschool period (Gunnar & Donzella, 2002; Lewis & Ramsay, 1995; Watamura, Donzella, Kertes, & Gunnar, 2004) . Nonetheless, negative self-evaluation appears to be a stressor for preschoolers (Lewis & Ramsay, 2002) . Lewis and Ramsay (2002) found that 4-year-olds who reacted to failure with expressive signs of negative self-evaluation (shame or evaluative embarrassment) showed more elevated levels of cortisol in response to the testing session than those who did not show these signs. Thus, at least from the preschool years, negative self-evaluation appears to activate the HPA system.
The purpose of the present study was to characterize shamerelated cortisol activation in early childhood on the dimensions of reactivity (peak amplitude) and regulation (return to baseline). Reactive and regulatory components of neural systems are thought to be separate and independent (Derryberry & Rothbart, 1997; Rothbart & Bates, 1998) and have been found to be independent parameters of cortisol responses to stress in infants (Lewis & Thomas, 1990; Ramsay & Lewis, 2003) , suggesting that both peak response and dampening need to be examined to understand cortisol activation associated with shame. Chronically occurring high-amplitude but brief elevations in cortisol may have different physiological, psychological, and health implications than high-amplitude and prolonged elevations. The finding that uncontrollable social evaluative threats were associated with both high-amplitude and prolonged cortisol activation among adults suggests that shame responding may be generally characterized by high peak cortisol responses and slow recovery. Shame in early childhood also may be associated with both higher peak cortisol responses and slower recovery.
Another objective of the present study was to examine how general the relation was between shame and cortisol. Individual differences in shame-associated cortisol responses and proneness to shame may be related due to reciprocal influences that occur between shame and cortisol. As a psychological stressor, shame activates the HPA system. Repeated activation heightens the system's readiness to respond and shapes its response dynamics, including threshold of arousal, peak amplitude, recovery time, and the like (e.g., Ellis, Jackson, & Boyce, 2006) . These response characteristics, in turn, may facilitate shame responding through discomfort or tension associated with arousal of the system and a consequent heightening of self-focused attention that increases the likelihood of negative global self-attributions (Dienstbier, Hellman, Lehnhoff, Hillman, & Volkenaar, 1975; Duval & Wicklund, 1972; Lewis, 1992) . Thus, a reciprocal relation may exist between shame and cortisol activation. Over time, repeated pairing of shame reactions with cortisol activation may contribute to the development of proneness to shame. To the extent that this occurs, cortisol responses to a specific eliciting event should be related to proneness to shame assessed from shame responding to other events. To test this prediction, the relations of shame and cortisol to a measure of shame proneness administered after recovery of the cortisol response were examined.
In past work, shame responding in early childhood has been assessed from children's emotional expressive behavior in response to potentially shame-inducing experiences of failure in different situations (e.g., matching tasks, timed puzzles; Alessandri & Lewis, 1996; Belsky et al., 1997; Kelley et al., 2000; Lewis et al., 1992; Mills, 2003) . According to functionalist theories, an emotional state can be inferred from patterns of expressive behavior that reflect the action tendency associated with that state when they occur in a context appropriate to the state (e.g., Lewis & Michalson, 1983) . Shame can be inferred from expressive behavior that reflects the action tendency of shame (hiding or avoidance, e.g., averting gaze, slumping of the body) occurring in a situation that might precipitate a global negative self-attribution. For example, shame is more likely to occur in response to failing an easy than a difficult task (e.g., Lewis et al., 1992) , because a negative selfattribution is more likely to occur in the context of an easy task. Given the mildness of the manipulation involved in the failure paradigm, it may be construed as a measure of proneness to shame. Thus, in the present study, children's proneness to shame was assessed using the failure situations validated in past work on children's shame-expressive behavior.
Method

Participants
Participants were 214 children (124 boys, 90 girls) ranging from 3.7 to 4.5 years of age (M ϭ 4.14 years, SD ϭ 0.24) whose families were recruited through a letter of invitation under a cover letter sent by a government agency responsible for administering health care. The study was approved by the University of Manitoba Joint-Faculty Research Ethics Board and the Health Information Privacy Committee. The agency generated a mailing list of 3,500 families drawn randomly from all 6,358 families residing in an urban area (population 600,000) as of June 1, 2002, who had a child born between June 1, 1999, and May 31, 2000. To protect their privacy, recipients of the letter were unknown to the researchers unless they self-identified as interested in participating in the study. Recruitment began as soon as the mailing list was generated and was conducted in three stages over an 18-month period until the target sample size was reached. At each stage, approximately one third of the invitations were sent. Details were provided about the study, and families were invited to return an enclosed stamped return postcard if they had a healthy child and wished to participate. Of 257 families who volunteered to participate, 28 families participated in the pilot phase of the study; 4 families subsequently withdrew from the study; and data were missing for 11 children, typically because they withdrew from one or more of the tasks used to assess shame responding or from the saliva sampling used to assess cortisol reactivity and regulation. This left a sample of 214 children.
Children were predominantly first born (36%) or second born (35%); 5% were singletons. Parents predominantly were married or cohabiting (89% of mothers, 96% of fathers), were in their 30s or 40s (83% of mothers, 81% of fathers), had a postsecondary trades or community college certificate (49% of mothers, 42% of fathers) or a university degree (35% of mothers, 31% of fathers), and were employed (44% of mothers, 91% of fathers; 56% of mothers were employed part-time). Families ranged widely in income; 60% had a total family income at or above the median for families in the community, and 23% of those below the median had a total family income below the poverty line as measured by the Low Income Cut-Off (LICO; Statistics Canada, 2005) . The LICO is an income threshold, estimated on the basis of family and community size; families below the threshold are estimated to spend 20% more of their income on food, shelter, and clothing than the average family does. Socioeconomic status assessed from education and occupation (Hollingshead, 1975) ranged from 8 to 66 (possible range 8 to 66; M ϭ 41.21, SD ϭ 11.40). Most families (70%) were middle class (skilled worker or medium business/ professional), with 16% ranking lower (semiskilled or unskilled) and 14% ranking higher (major business/professional).
The recruitment procedure did not allow the computation of a response rate, because it could not be determined how many families were eligible and how many eligible families had moved and failed to receive the invitation by the time of the mailing. Comparisons of the sample with 2001 Census of Canada data on families from the same city revealed that parents in the sample had comparable family incomes; however, they were more likely to have a university degree than the general population of couple families in the community (24% of mothers and 25% of fathers; Statistics Canada, 2003) . Overall, the demographic profile suggests that the sample was composed of families at low risk for dysfunction.
Overview
Children came to the laboratory for a visit, which took place in a playroom equipped with a remote-controlled camera operated from behind a one-way mirror. A timeline of the session is provided in Figure 1 . The first 20 min was a settling period to allow recovery from any anticipatory stress. The experimenter engaged the child in casual conversation about nursery school and siblings while they made things with Play-Doh and did a puzzle together. Next, a prestressor saliva sample was collected, followed by an assessment of the child's shame responding involving observations of children's emotion-expressive behavior in response to failure on six performance tasks used in previous work (Geppert, 1986; Lewis & Ramsay, 2002; Mills, 2003; Stipek, Recchia, & McClintic, 1992) . The first two failures (initial) were followed by a period of play with the experimenter that was spent drawing, making things with Play-Doh, or doing puzzles while the experimenter collected poststressor saliva samples at specified intervals (see below). Following the last poststressor sample, the four remaining failures (subsequent) were administered. This procedure made it possible to examine whether cortisol response associated with initial shame predicted subsequent shame responding that occurred after recovery of the cortisol response. During the procedure, the parent (usually the mother) was seated some distance away and behind the child and spent the time completing questionnaires. To accommodate parents' schedules, we scheduled laboratory sessions any day of the week at different times of day (between 9:00 a.m. and 7:00 p.m.).
Responses to Failure
Children were seated at a child's table facing a small digital remote-controlled camera placed in an unobtrusive location about 10 ft away. The (female) experimenter was seated to the children's left on the adjacent side of the table. The tasks were administered in the order in which they are described below.
Easy and difficult matching tasks. Children were given a matching task drawn from Lewis and Ramsay (2002) that involved matching colored chips to animal pictures on a worksheet, using a key at the top of the sheet that showed the correct matches (blue with dog, green with fish, red with cat, and yellow with duck). There were two versions of the task, an easy one involving 10 items to be matched on the worksheet and a difficult one involving 18 items. Children were told that they would have 3 min to complete the task and were shown how a handheld timer would ring when the time was up. They were then given a practice trial to ensure that they understood the task and the purpose of the timer, after which two trials of the easy version of the task were administered. To portray the task as easy, the experimenter told them that most children their age could finish on time. The experimenter controlled the timer so that the bell rang either before or after children completed the task. On the first trial, the experimenter made the bell ring after children completed the task and said, "Time is up, you finished before the bell." During the ensuing 30 s, the experimenter remained silent and still. On the second trial, the experimenter made the bell ring when there were three matches left to do and said, "Time is up, you did not finish before the bell," remaining silent and still for 30 s thereafter. In the same manner, two difficult versions of the task were administered, with the experimenter portraying the task as difficult by telling children that most children their age could not finish on time and controlling the timer so that children failed the first one and succeeded on the second one. Easy and difficult competitive nesting tasks. Easy and difficult versions of a competitive task were administered to see who would be faster, the experimenter or the child, at nesting a set of plastic cups graduated in size. The easy version involved five cups and the difficult version, seven cups. After demonstrating the task, the experimenter challenged the child to a race to see "who is going to finish first, you or me? Ready, set, go!" The experimenter controlled who won or lost by varying her speed; she administered a success trial followed by a failure trial of the easy version and then a failure trial followed by a success trial of the difficult version. On each trial, when both nests were completed the experimenter asked, "Who was ready first, you or me?" and repeated the child's answer by way of confirmation. During the ensuing 30 s, the experimenter remained silent and still.
Impossible puzzle and nesting cups. The last two tasks involved putting together a puzzle (a five-piece form-board puzzle of a circus train) and nesting a set of cups (eight multicolored graduated cups, different from the previous set). The experimenter demonstrated each task and then asked the child to do it. As the experimenter placed the parts to be assembled in front of the child, she knocked one of them onto the floor and surreptitiously replaced it with another one. For the puzzle, the piece knocked onto the floor was replaced by an identical one that had been enlarged slightly so that it would not fit into the form board. For the nesting cups, a cup knocked onto the floor was replaced by a cup identical in size to the one already on the table, making it impossible to nest all the cups. The experimenter responded to initial comments or requests for help by encouraging the child to keep trying and responded to subsequent requests by making suggestions (e.g., "Try turning it the other way"). When the child said "I can't do it" several times or stopped working, or when 3 min had elapsed from the time the child started working, the experimenter terminated the task by saying, "That's enough work on this puzzle/these cups." During the ensuing 10 s (abbreviated to avoid straining natural behavior), the experimenter remained silent and still.
At the conclusion of the impossible tasks, the experimenter looked through her materials and said, "Oh, no, I made a big mistake. I gave you the wrong pieces for the puzzle and cups. No one can do the puzzle with these pieces, and the cups won't fit because two of them are the same size." The experimenter then asked if the child would like to work on a puzzle or set of cups that would not be impossible to do and praised the child's performance. Finally, the experimenter complimented the child's performance on the matching and nesting tasks and, to dispel any lingering distress associated with the failure experiences, noted problems with the timer that could explain why the child had sometimes not finished on time.
Coding of shame-expressive behavior. Signs of shame that occurred during the 30-s period following task failure (10 s for the impossible tasks) were coded using an established system for coding shame in young children (Alessandri & Lewis, 1993 , 1996 Lewis et al., 1992) developed on the basis of Geppert's (Geppert, 1986; Geppert, Schmidt, & Galinowski, 1997 ) extension of Izard's (1979) facial-expressive coding system for emotions involving direct judgments of affect cues. Coders recorded a set of facial, bodily, verbal, and behavioral cues and were unaware of the combination of prototypical cues that would comprise the basis for assessing shame. A scoring formula rather than coder judgment was used to assess the presence of the emotion. In the present study, shame was assessed from three signs: (a) gaze averted or down, (b) lowered head, and (c) collapsed body. This scoring formula was selected following Geppert et al.'s (1997) suggestion that the main features of shame are a reduced psychic field, indicated by avoidance of eye contact (gaze aversion or gaze downward), and self-depreciation, signaled by lowered head and/or collapsed body. Children were assigned a score of 1 indicating a shame response if they showed (a) gaze averted or down, and (b) lowered head and/or collapsed body; otherwise, they were assigned a score of 0.
Scoring of expressive behavior in response to the first two failures (easy matching, difficult matching) was used to obtain a categorical measure of initial shame (shame response to both failures, easy matching only, difficult matching only, or neither failure). Scoring of responses to the four failures that occurred after recovery of the cortisol response was used to obtain a measure of subsequent shame responding; the total number of shame responses ranged from zero to four. These two measures were created to examine the relation of cortisol response to both initial and subsequent shame responding.
Coders were trained to a high level of agreement on the coding categories, with agreement checks conducted on a regular basis and disagreements resolved through discussion. Interrater agreement for the dichotomous scoring was assessed based on 21% of cases. Cohen's kappa (J. Cohen, 1960) , weighted to give partial agreement when coders agreed on one of the two main features, yielded s of .67 (easy matching), .66 (difficult matching), .59 (easy nesting), .74 (difficult nesting), .22 (impossible puzzle), and .80 (impossible cups).
Ratings of other emotional reactions to initial failure. To assess the specificity of the association between the cortisol response and initial shame, we also assessed other potentially likely emotional reactions to the two initial failures. Anger and sadness following each failure experience were coded using an established system in which emotions are classified on the basis of prototypical facial and/or vocal cues (Cole, Barrett, & Zahn-Waxler, 1992; Cole, Zahn-Waxler, & Smith, 1994; Izard, 1979) . For anger, the facial and vocal cues were eyes narrowed; mouth set with lips pressed or tightened; if mouth open, squarish or rectangular shape; teeth clenched; and increased vocal pitch or volume. For sadness, cues were lip corners turned down; lips pursed or lower lip depressed; inner brows raised or lowered (/ \); head tilted forward; and eyes lowered. For the entire coding period following each failure experience, coders assessed the presence of each emotion and rated the emotion on a 4-point scale (1 ϭ none, 2 ϭ some, 3 ϭ a lot, 4 ϭ extreme), taking into account both the duration and intensity of the display (Cole et al., 1992) . A check of rater agreement assessed on the basis of 20% of the sample for anger yielded r s (40, 37) ϭ .59 and .64, ps Ͻ .001, for easy and difficult matching, respectively; for sadness, r s (40) ϭ .48, p Ͻ .001, for easy matching, and r s (37) ϭ .30, p Ͻ.06, for difficult matching. The low correlation for ratings of sadness in response to failure on the difficult matching task reflects attenuation due to low variability, given that most children were rated as showing some sadness.
Cortisol response and regulation. To assess cortisol response and regulation to failure, we collected salivary cortisol samples before and after the two initial failures (easy and difficult matching tasks): one prestressor sample at the end of the settling period and five poststressor samples taken 15, 20, 25, 30 , and 40 min after failure on the easy matching task. The samples were timed with reference to the moment of failure ("time is up, you did not finish before the bell"). Typical estimates of the time between central neural events and peak plasma concentrations are 15-plus min, plus about 2 more min to peak saliva concentrations (Gunnar & White, 2001 ). Individual differences in cortisol response to performance failure in young children were found with a 20-min poststressor time point (Lewis & Ramsay, 2002) . Therefore, sampling at 15 and 20 min poststressor was considered appropriate for measuring variations in peak cortisol response. Sampling at 25, 30, and 40 min poststressor was considered adequate for measuring variations in cortisol regulation. The second failure occurred approximately 2 to 5 min following the first failure, depending on the rate at which the child completed the difficult matching task, and thus could contribute to poststressor cortisol levels.
The child mouthed a 2-in. cotton dental roll until it was wet, about 1 min, while the experimenter held the end of the roll using a protective glove. The cotton roll was then placed into a Salivette (Sarstedt, Inc.; Rommelsdorf, Germany), a sealed plastic container. Each poststressor sample was timed to start at the end of the poststressor interval, with successive intervals timed from the end of the sample collection (insertion of the cotton roll into the Salivette). Immediately following the laboratory visit, each Salivette was centrifuged to express saliva, and the extracted saliva was then transferred to a cryovial by pipette. The amount of saliva collected varied from approximately 0.05 to 1.0 ml. Samples were immediately frozen and then stored at Ϫ80°C until assay.
Thawed samples were centrifuged for 15 min at 1,500 g to remove particulate matter (mucins). Samples were assayed in duplicate without dilution (25 l) using an enzyme immunoassay kit (High Sensitivity Salivary Cortisol, Catalog No. 1-0102/1-0112; Salimetrics; State College, PA). Sample duplicates had coefficient of variance less than 20%. Values used in the analyses are the average of the duplicate measurements. The sensitivity of the assay is high, with values Ͻ 0.007 g/dl being distinguishable from zero values. All samples from each child were assayed on one plate to eliminate within-subject interassay variance. The average recovery from all assays for the high control sample was 96% and for the low control sample, 95%. The interassay variation for these control samples was 5.9% for the high control and 7.9% for the low control. Five samples were assayed in quadruplicate and yielded an average coefficient of variance percentage of 7.8%.
Cortisol response was measured by the difference between the cortisol value at the prestressor time point and either the 15-or 20-min poststressor time point, whichever was higher. Cortisol regulation was measured by calculating the slope in cortisol levels across poststressor time points from the peak value to the final time point (Ramsay & Lewis, 2003) . More negative values reflected more rapid dampening of the response across time. For children whose peak poststressor cortisol level was shown at the 15-min poststressor time point, regulation could be measured across four time intervals (peak to peak plus 5 min, peak plus 5 min to peak plus 10 min, peak plus 10 min to peak plus 15 min, and peak plus 15 min to peak plus 25 min). For children whose peak level was shown at the 20-min poststressor time point, regulation could be measured across three time intervals.
To ensure that differences in cortisol response and regulation were not confounded by differences in nonbehavioral factors, we calculated scores independent of time of day and initial level of cortisol. Differences in cortisol response could be confounded with differences in the time of day when it was measured, reflecting the circadian rhythm of cortisol production. In keeping with the profile of declining cortisol production from earlier to later in the day, time of arrival at the lab was negatively correlated with prestressor cortisol level, r s (200) ϭ Ϫ.36, p Ͻ .001, and with each of the poststressor levels, smallest r s (200) ϭ Ϫ.34, p Ͻ .001. The peak cortisol response score also was correlated with lab arrival time, r s (198) ϭ .17, p Ͻ .02, but the cortisol regulation slope score was not, r s (200) ϭ .07, ns.
Differences in cortisol response and regulation also could be confounded with differences in the initial level of cortisol (e.g., Ramsay & Lewis, 2003) . According to the law of initial values, the magnitude of a physiological response is related to the prestimulation level (Lacey, 1956; Wilder, 1956) . The law of initial values involves the phenomenon of homeostasis and reflects feedback mechanisms that function to maintain homeostasis. Higher initial values are associated with smaller responses to excitation and with larger responses to inhibition. In the present study, prestressor value and the cortisol response difference score (peak poststressor minus prestressor value) were negatively correlated, r s (198) ϭ Ϫ.52, p Ͻ .001. In addition, the cortisol regulation slope score was negatively correlated with intercept score (reflecting peak cortisol level), r s (200) ϭ Ϫ.47, p Ͻ .001.
To remove the confounding effects of time of day and initial level, we obtained residual scores. The residual cortisol reactivity score was produced using linear regression by regressing the cortisol reactivity score (peak poststressor value minus the prestressor value) on both lab arrival time and prestressor level. The residual cortisol regulation score was produced by regressing the raw slope score only on the intercept. In both cases, the resulting scores were skewed and were subjected to a rank transformation to normalize the distributions and reduce the influence of outliers. The rank-transformed residual cortisol reactivity and regulation scores were used in the analyses.
Results
Preliminary Analyses
Prior to analysis, the variables were examined. SPSS missing values analysis revealed that the proportion of missing data was less than 10% with the exception of subsequent shame responding (12% missing data on one or more of the four tasks) and cortisol reactivity and regulation (12%). Missing data for these measures were most often due to children's withdrawal from the task or activity. Little's test of data missing completely at random indicated that the pattern of missing values deviated significantly from randomness, p ϭ .00. Therefore, it was decided to perform the main analyses both with and without imputation (Tabachnick & Fidell, 2001 ). Analyses performed without imputation were done using pairwise deletion, an approach that has been found to yield good estimates of R 2 (Acock, 2005) . Analyses performed with and without missing values imputed (SPSS missing values analysis) yielded comparable results. The analyses reported below were performed without imputation. Table 1 gives descriptive statistics for the variables, broken down by gender of child to examine gender differences. A substantial proportion of the sample showed a shame response to each of the two initial failures (easy and difficult matching), with shame responding declining thereafter especially in boys. Of those showing a shame response to the first failure (easy matching), 72% of boys and 58% of girls also showed shame in response to the second failure (difficult matching). There was no difference in the proportion of boys and girls showing shame in response to the first failure, but boys were more likely than girls to show shame in response to the second failure, 2 (1, N ϭ 209) ϭ 3.45, p ϭ .06. There were no differences in shame responding to any of the four subsequent failures, with the exception of a slightly greater likelihood of a shame response to failure on the difficult nesting task among girls than boys, 2 (1, N ϭ 208) ϭ 2.80, p ϭ .09. Initial shame and sadness were associated for boys, r s (116) ϭ .22, p Ͻ .01, and for girls, r s (84) ϭ .22, p Ͻ .05, but neither of these emotional reactions was significantly associated with anger, largest r s (83) ϭ .10, ns, for the correlation between shame and anger among girls. The pattern of these relations suggests that shameexpressive behavior was the most prominent reaction.
An analysis of covariance on prestressor cortisol by gender with lab arrival time as the covariate revealed no significant difference between girls and boys in prestressor cortisol, F(1, 198) ϭ 0.54, ns. On average, raw cortisol levels declined from the prestressor to poststressor time points, with Wilcoxon signed ranks tests indicating that levels declined significantly from the prestressor to the 15-min poststressor time point both for boys, z ϭ 6.11, p Ͻ .001, and girls, z ϭ 5.39, p Ͻ .001. For girls, there were no significant further declines in cortisol. For boys, levels did not differ between the 15-and 20-min poststressor time points, z ϭ 0.34, ns; declined from the 20-to the 25-min poststressor time point, z ϭ 2.63, p Ͻ .01; did not differ between the 25-and 30-min poststressor time points, z ϭ 0.77, ns; and declined from the 30-to the 40-min poststressor time points, z ϭ 2.69, p Ͻ .01. Examination of cortisol response difference scores (peak minus prestressor) calculated independent of lab arrival time and prestressor level indicated, according to binomial tests, that children showing an increase in cortisol level were more likely to be boys (n ϭ 43, 64%) than girls (n ϭ 24, 36%), p Ͻ .03, whereas those showing a decrease were equally likely to be boys (n ϭ 72, 54%) or girls (n ϭ 61, 46%), p ϭ .39. Half the sample showed the peak by the expected time point (15-or 20-min poststressor time point), with no difference in the proportions of boys and girls showing their peak at the 15-min (33% of boys, 36% of girls) or the 20-min (20% of boys, 14% of girls) poststressor time points. Among those showing their peak value at a later time point, the proportions of boys and girls showing their peak at 25 min (12% of boys, 16% of girls) or 30 min (13% of boys, 5% of girls), or showing their highest poststressor cortisol level at the 40-min (22% of boys, 20% of girls) poststressor time point, did not differ, 2 (4, N ϭ 197) ϭ 5.94, p ϭ .20. There were no gender differences in the measures of cortisol reactivity or regulation. Given that there were several gender differences, the analyses relating cortisol and shame were performed separately for boys and girls.
Cortisol Reactivity and Regulation Associated With Initial Shame
As noted earlier, initial shame responding was measured on the basis of children's responses to the two initial failure experiences (easy and difficult matching tasks). Shame in response to the first failure or to both initial failures was expected to be most strongly associated with cortisol reactivity and regulation. It was thought that failure on the easy matching task might be both necessary and sufficient to stimulate a cortisol response, given theory and research suggesting that failing at something perceived as easy is more likely to activate a global negative self-attribution than failing at something perceived as difficult . The occurrence of a second failure after the first one might increase the effect.
To examine the pattern of relations between initial shame responding and cortisol, we grouped children according to whether they showed shame in response to failure on both tasks, easy matching only, difficult matching only, or neither task. A mixedmodel analysis of variance was performed for boys and girls separately; the between-subjects factor was pattern of shame responding to the two initial failures (both, easy only, difficult only, neither), and the within-subjects factor was cortisol parameter (reactivity, regulation). The descriptive statistics for cortisol as a function of initial shame responding pattern are shown in Table 2 .
Boys. Relations between shame responding and cortisol conformed to the expected pattern in boys. A significant main effect of shame responding pattern was found, F(3, 105) ϭ 5.40, p Ͻ .01. Boys showing shame in response to the first or to both failures showed higher cortisol reactivity and slower regulation than those showing shame to the second failure only, ts(105) ϭ 1.93 and 3.12, ps Ͻ .07 and .01, for cortisol reactivity, and ts(105) ϭ 2.26 and 2.32, ps Ͻ .05, for cortisol regulation, whereas those showing shame to the second failure only or to neither failure did not differ significantly. These results indicated that shame in response to the second failure only was not associated with significant changes in cortisol, whereas shame in response to the first or to both initial failures was associated with significant changes.
On the basis of these results, a dichotomous measure of initial shame was created in which boys were scored as showing high initial shame (shame in response to the first or to both initial failures) or low initial shame (shame in response to the second or to neither of the two initial failures). An analysis comparing those boys showing high initial shame (n ϭ 51, 47%) to those boys showing low initial shame (n ϭ 58, 53%) on the two cortisol parameters yielded a significant effect of initial shame, F(1, 107) ϭ 9.41, p ϭ .01, indicating that high initial shame was associated with a greater cortisol response than low initial shame (M unstandardized residual ϭ 0.008, SD ϭ 0.05 vs. M unstandardized residual ϭ 0.002, SD ϭ 0.06), corresponding to a medium to large effect size (d ϭ 0.60; see Figure 2A ); and slower regulation (M unstandardized residual ϭ 0.001, SD ϭ 0.01 vs. M unstandardized residual ϭ Ϫ.001, SD ϭ 0.01), corresponding to a medium effect size (d ϭ 0.38; see Figure 2B ).
To assess whether boys' cortisol responses were associated specifically with shame, we examined correlations between cortisol responses and initial shame as well as anger and sadness reactions to the two initial failures. Ratings for the two initial failures were averaged to create an overall score for each emotion. Shame and sadness were both associated with higher cortisol reactivity, r s (107) ϭ .29, p Ͻ .01, and r s (108) ϭ .24, p Ͻ .01, respectively, whereas only shame was associated with slower regulation, r s (107) ϭ .19, p Ͻ .05. Anger was not significantly related either to cortisol reactivity or to cortisol regulation.
To examine the time course of response and recovery associated with initial shame in boys, we performed an additional analysis using difference scores. Two pre-poststressor difference scores were calculated by subtracting the prestressor value from the 15-min and from the 20-min poststressor values (15-min poststressor value minus the prestressor value, 20-min poststressor value minus the prestressor value), and three poststressor difference scores were calculated between the successive values at the 20-, 25-, 30-, and 40-min poststressor time points by subtracting the later value from the earlier value in each case (e.g., 20-min value minus 25-min value). To remove the confounding effects of time of day and initial level, we used residual scores. Residual prepoststressor difference scores were produced using linear regression by regressing each of two pre-poststressor difference scores on both lab arrival time and initial level. Residual poststressor change scores were produced by regressing each of three poststressor difference scores on the initial level only (e.g., regressing the 20-to the 25-min difference score on the 20-min poststressor value), given that regulation scores were not significantly related to lab arrival time. The measures were skewed and were subjected to a rank transformation to normalize the distributions and reduce the influence of outliers. A mixed-model analysis of variance was performed on the residual pre-poststressor difference and poststressor change scores, with the between-subjects factor being high Girls. Relations between initial shame responding and cortisol did not conform to the expected pattern in girls. There was no significant effect of initial shame on cortisol when the analysis was performed using the four-group classification of shame responding to the two initial failures (both, easy only, difficult only, neither), F(3, 77) ϭ 0.48, ns, or when it was performed using the two-group classification (shame to the first or to both initial failures versus shame to the second or to neither of the two initial failures), F(1, 79) ϭ 0.33, ns.
As can be seen in Table 2 , average cortisol levels for girls declined from prestressor to poststressor. Given the pattern of decline, additional analyses were performed to explore whether an anticipatory cortisol response to the laboratory visit masked responses associated with shame for girls. An analysis of covariance on prestressor cortisol by initial shame with lab arrival time as the covariate revealed no significant difference between girls showing high versus low initial shame in prestressor cortisol, F(1, 78) ϭ 0.62, ns. A chi-square test indicated that girls showing an increase in cortisol from the prestressor to the peak poststressor time point were not more likely to be high shame responders than those showing a decrease, 2 (1, N ϭ 81) ϭ 0.37, ns. Additional exploratory analyses were performed, taking into account other portions of the time course. An analysis of the overall slope across all six time points, from the prestressor time point to the 40-min poststressor time point, using a ranktransformed residual score controlling for the intercept, indicated that it did not differ for girls showing high versus low initial shame, t(81) ϭ 0.70, ns.
1 Further analyses were performed, focusing on a subgroup of girls who declined initially (between the prestressor and the 15-or 20-min poststressor time point) and showed their highest poststressor cortisol value later (at the 25-, 30-, or 40-min time point; n ϭ 26, 32% of girls). Those showing high initial shame (n ϭ 15) showed a greater cortisol response in the initial period than those showing low initial shame (n ϭ 11; M unstandardized residual ϭ Ϫ0.01, SD ϭ 0.01 vs. M unstandardized residual ϭ Ϫ0.02, SD ϭ 0.01), t(24) ϭ 1.74, p Ͻ .10; a moderate effect (d ϭ 0.68); and significantly slower regulation of the response (M unstandardized residual ϭ 0.002, SD ϭ 0.01 vs. M unstandardized residual ϭ Ϫ0.003, SD ϭ 0.01), t(24) ϭ 2.32, p Ͻ .03, a large effect (d ϭ 0.91).
Given that the highest cortisol value occurred later for these girls, another analysis of the cortisol response was performed for this subgroup in which cortisol reactivity was measured by the difference between the cortisol value at the prestressor time point and either the 25-, 30-, or 40-min poststressor time point, whichever was highest. Scores were regressed on prestressor level and then subjected to a rank transformation. Girls showing high initial shame showed a greater cortisol response than those showing low initial shame (M unstandardized residual ϭ 0.007, SD ϭ 0.02 vs. M unstandardized residual ϭ Ϫ0.007, SD ϭ 0.02), t(24) ϭ 2.19, 1 An analysis performed with boys yielded a significant difference by shame, t(105) ϭ 2.45, p Ͻ .02, indicating that high initial shame was associated with slower regulation across the time course. 2 Thus, for a subgroup of girls, cortisol reactivity associated with shame was characterized by an initial decline in cortisol values and subsequent rise to peak response. This finding suggests that the cortisol response for this subgroup may have been masked by regulation of an anticipatory cortisol response.
Relations of Initial Shame and Cortisol to Subsequent Shame
As noted above (see Figure 1) , the procedure allowed for assessing the relation of both initial shame and cortisol to subsequent shame responding that occurred after recovery of the cortisol response. As might be expected given the mildness of the manipulation involved in the failure paradigm, the frequency of subsequent shame responding was low and the distribution was positively skewed for both boys and girls. Girls showed more subsequent shame responses than boys (M ϭ 1.22, SD ϭ 1.09 vs. M ϭ 0.89, SD ϭ 0.86), Mann-Whitney U ϭ 4,179.00, p Ͻ .05. Initial and subsequent shame responding were associated for boys, r s (107) ϭ .23, p Ͻ .05, and for girls r s (80) ϭ .26, p Ͻ .05.
To assess the prediction of subsequent shame responding from initial shame and cortisol, we performed logistic regression. A dichotomous measure of subsequent shame was created using different cut points for boys and girls related to the shape of the distribution. For boys, a score of 1 was assigned if shame was shown in response to any of the four subsequent task failures (n ϭ 69, 60%), and a score of 0 was assigned otherwise (n ϭ 45, 40%). For girls, a score of 1 was assigned if shame was shown in response to two or more of the four failures (n ϭ 54, 62%), and a score of 0 was assigned otherwise (n ϭ 33, 38%). Separate logistic regressions were performed for boys and girls to assess the prediction of subsequent shame responding from initial shame responding entered in the first step and cortisol response entered in the second step. The two cortisol parameters were substantially related, r s (111) ϭ .39, p Ͻ .001 for boys, and r s (83) ϭ .52, p Ͻ .001 for girls; therefore, they were assessed in separate analyses. In order to have sufficient frequencies in each category of the variables, the cortisol measures also were dichotomized. Cortisol reactivity values above 0 were assigned a score of 1, signifying a rise in cortisol values (n ϭ 43, 37% for boys; n ϭ 24, 28% for girls), and values below 0 were assigned a score of 0, signifying a decline (n ϭ 72, 63% for boys; n ϭ 61, 72% for girls). Cortisol regulation slope scores above 0 were assigned a score of 1, signifying relatively slow regulation of the response (n ϭ 42, 37% for boys; n ϭ 35, 40% for girls), and scores below 0 were assigned a score of 0, signifying relatively rapid regulation (n ϭ 73, 63% for boys; n ϭ 52, 60% for girls).
For boys, initial shame responding significantly predicted higher subsequent shame responding, B ϭ 1.30, Wald ϭ 8.75, odds ratio ϭ 3.65 (95% confidence interval [CI] ϭ 1.55, 8.61), p Ͻ .01, 2 (1, N ϭ 102) ϭ 9.39, p Ͻ .01, Cox-Snell R 2 ϭ 8.8%, Nagelkerke R 2 ϭ 11.9%. Boys were between three and four times more likely to show subsequent shame when they had shown initial shame than when they had not shown initial shame. Cortisol reactivity did not further improve model fit, but cortisol regulation did, 2 (1, N ϭ 102) ϭ 4.42, p Ͻ .04, Cox-Snell R 2 ϭ 12.7%, Nagelkerke R 2 ϭ 17.2. Over and above the effect of initial shame, relatively slow regulation predicted higher subsequent shame responding, B ϭ 0.97, Wald ϭ 4.19, odds ratio ϭ 2.64 (95% CI ϭ 1.04, 6.68), p ϭ .04. Boys were between two and three times more likely to show subsequent shame when they had shown relatively slow cortisol regulation than when they had shown relatively rapid regulation.
For girls, initial shame responding significantly predicted higher subsequent shame responding, B ϭ 1.05, Wald ϭ 4.78, odds ratio ϭ 2.86 (95% CI ϭ 1.12, 7.35), p Ͻ .03, 2 (1, N ϭ 77) ϭ 4.92, p Ͻ .03, Cox-Snell R 2 ϭ 6.2%, Nagelkerke R 2 ϭ 8.4%. Girls were between two and three times more likely to show subsequent shame when they had shown initial shame than when they had not shown initial shame. Neither cortisol reactivity nor cortisol regulation added significantly to the prediction of subsequent shame responding for girls.
Discussion
The purpose of the present study was to characterize the cortisol response associated with shame responding in early childhoodthe first study to do so with respect to both cortisol reactivity and regulation. According to cognitive-attributional theories (e.g., Lewis, 1992) , shame is precipitated by a self-condemning global negative self-attribution-an intrinsically uncontrollable circumstance. These two properties, negative self-evaluation and uncontrollability, are considered to be the most potent psychological stressors, and previous work has revealed that they evoke the strongest cortisol responses Gruenewald et al., 2004; Lewis, 1992; Lewis & Ramsay, 2002 Lewis et al., 2006) . The present study assessed both cortisol reactivity and regulation associated with initial shame responding and examined how general the relation was. For boys and for some girls, high initial shame was associated with greater cortisol reactivity and slower regulation of the cortisol response. For boys, high initial shame and relatively slow regulation of the cortisol response predicted subsequent shame responding occurring after recovery of the cortisol response. For girls, high initial shame, but not cortisol response, predicted subsequent shame responding.
In the only previous demonstration of an association between shame and cortisol responses in young children (Lewis & Ramsay, 2002) , 4-year-olds who showed expressive signs of shame or evaluative embarrassment (negative self-evaluation) in response to failure during a testing session showed higher cortisol reactivity to the session. The association was specific to negative selfevaluation as evidenced by the absence of associations with other emotions shown during the session (e.g., exposure embarrassment). Similarly, in the present study, boys who reacted to task failure with shame showed a greater cortisol response. Indeed, shame had a medium to large effect. This is noteworthy given the large variation among children in the way they respond and accumulated evidence indicating that cortisol levels in young children are not readily elevated by mildly threatening situations but are readily lowered by novel or engaging activities, especially if the parent is present (Gunnar & Donzella, 2002) . In the present study, cortisol levels in boys generally declined from the prestressor to the peak poststressor time point, possibly reflecting regulation of elevated cortisol occurring in anticipation of the laboratory visit. Such anticipatory cortisol responses have been found in previous work with young children (Lewis & Ramsay, 2002; Schmidt et al., 1999) . Thus, the finding that boys who showed high initial shame responding exhibited a significant elevation in cortisol suggests that shame may have been a potent stressor for boys.
Another finding that emerges from the present study is the association found between shame responding and relatively slow cortisol regulation in boys, a strong association despite the large variation in cortisol changes across the poststressor time points. This finding is consistent with adult research indicating that shame is associated not only with higher cortisol reactivity but also with slower cortisol recovery Gruenewald et al., 2004) . Moreover, the two parameters were strongly related, in keeping with research suggesting that the rate of recovery may be largely due to the magnitude of the response . On average, dampening of the response in boys tapered off within 20 to 25 min following the peak response. It is important to note that shame appeared to be the predominant emotion associated with the cortisol response. Shame and sadness reactions were related, as might be expected given the sense of uncontrollability that is common to the two emotions (Lewis & Ramsay, 2005; Lewis et al., 2006) , and whereas both emotions were associated with greater cortisol reactivity, only shame was associated with slower cortisol regulation. These findings are consistent with evidence indicating that threats combining social evaluation with uncontrollability tend to be associated with the most pronounced cortisol responses . Thus, the present findings add to evidence that shame can be a highly potent psychological stressor from early childhood. Given the detrimental effects on health of repeated or prolonged cortisol elevations (McEwen, 1998a) , chronic or persistent exposure to shame in childhood may be considered an important risk factor.
The present study also provides evidence of a general relation between shame and cortisol. For boys, both higher initial shame and relatively slow recovery of the cortisol response were related to higher subsequent shame responding. In accordance with research suggesting that boys may be less shame prone than girls (e.g., Barrett, Zahn-Waxler, & Cole, 1993; Lewis et al., 1992) , the frequency of boys' subsequent shame responding was low. Nevertheless, for boys, subsequent shame responding was predicted by higher initial shame and, over and above that, relatively slow regulation of the cortisol response. One interpretation of this finding is that it reflects a general relation between shame and cortisol-specifically, cortisol regulation. It may not be the elevation of cortisol but rather the length of time it remains elevated that is relevant for psychological effects, as has been suggested with respect to health effects (McEwen, 1998a (McEwen, , 1998b Sapolsky, Romero, & Munck, 2000) . Prolonged elevations in cortisol associated with shame could heighten proneness to shame through the neural events mobilized by elevated cortisol. A prolonged state of increased anxiety and vigilance to the threat of social evaluation and heightened self-focused attention would facilitate negative global self-attributions and increase the likelihood of shame responding (Dienstbier et al., 1975; Duval & Wicklund, 1972; Lewis, 1992) . Thus, although there was little subsequent shame responding in boys, those showing slower regulation of the cortisol stress response subsequently showed more shame responding, reflecting greater proneness to shame. These findings suggest that the ability to regulate shame states may be a key factor in moderating their impact on the development of proneness to shame.
For girls, initial shame responding and cortisol were related for only some girls, and whereas higher initial shame predicted subsequent shame responding, cortisol responses did not. For almost one third of girls, high initial shame was associated with greater cortisol reactivity and slower regulation of the cortisol response. This subgroup showed an initial decline in cortisol values followed by a later rise to peak response, suggesting that cortisol responses associated with initial shame were masked by regulation of a cortisol response that occurred in anticipation of the lab visit. For the majority of girls, however, there was no evidence for masking and no apparent association between shame and cortisol. This finding underscores the substantial variability among children in their responses and suggests that there also may be important gender differences (Kudielka & Kirschbaum, 2005) . It is possible that girls were more responsive than boys to the buffering presence of the parent or the experimenter. In keeping with their greater emphasis on interpersonal goals (Leaper & Friedman, 2007; Taylor et al., 2000) , girls may have derived greater stress-reducing benefit from the social context in which the assessment occurred than did boys. It is also possible that girls regulated their physiological reactions more effectively than boys. This may have been due in part to earlier development of self-regulatory abilities in girls than boys (Eisenberg et al., 2001; Kochanska, Murray, & Coy, 1997) , possibly related to greater early pressure to develop self-control. The association between initial shame and cortisol found for girls who demonstrated a decline in cortisol values and then subsequent rise to peak suggests that for some girls initial regulation of the cortisol response may have served to delay it. In future research, measures of affiliative behaviors or cognitions in response to the situation in which the assessment occurs would help to shed light on variations related to emotion regulation strategies and the extent to which they differ by gender.
In summary, the present study provides important additional evidence for the potency of shame as a psychological stressor in young children as well as variations among individuals and by gender. It is the first to show that shame in young boys is associated both with greater activation of the HPA system and slower regulation of the response and the first to provide evidence suggesting that slower regulation may be related to shame proneness. There was also some evidence for a gender difference, raising the possibility that girls are able to regulate cortisol responses more effectively than boys and/or are more sensitive to the interpersonal context in which the effects of social-evaluative threat are assessed. However, limitations of the study should be considered when evaluating the findings. First, cortisol activation was attributed to shame precipitated by negative self-attributions and a perception of uncontrollability, but these appraisal processes were not assessed. Although the association with sadness provided evidence for the presence of perceived uncontrollability, a more complete mapping of the cognitive and emotional processes mediating cortisol reactivity and regulation is needed. Second, assessment of the relation between shame and cortisol was based on concurrent rather than longitudinal measurements, precluding a direct test of the hypothesis that reciprocal influences occur between shame and cortisol. Longitudinal research examining the prediction of shame proneness from earlier cortisol regulation and the prediction of cortisol regulation from earlier shame proneness would provide more direct evidence for these reciprocal influences.
Despite these limitations, the present findings may have several important implications. First, the data reveal that shame in early childhood may be associated both with higher cortisol reactivity and slower cortisol recovery. To the extent that this is so, the findings suggest shame is an important childhood risk factor for mental and physical health. Moreover, the risks attached to chronic shame-related cortisol activation may derive predominantly from difficulty regulating shame reactions. Second, the findings provide evidence that proneness to shame and cortisol regulation may be generally related, supporting the idea that there may be mutual influences between them that play an important role in the development of individual differences in shame proneness and in cortisol regulation. Finally, the data point to the need for investigation of the impact shame may have on mental and physical health in childhood. It is not known what endocrine and immune effects occur as a result of episodes of chronic or persistent exposure to shame in childhood (Kemeny, 2007) . Shame proneness may represent a source of chronic elevation in cortisol, but the risk it may pose to health remains to be determined.
